We have developed a double-staining procedure for use with epifluorescence microscopy which allows the detection both of dividing cells and of ingested bacteria in food vacuoles of heterotrophic microprotozoa. Microprotozoan cells are stained sequentially with the DNA-specific fluorochrome DAPI (4',6-diamidino-2-phenylindole) and the nonspecific protein stain fluorescein isothiocyanate. During microscopic examination, heterotrophic microprotozoan cells are first located with fluorescein isothiocyanate fluorescence and then epifluorescence filter sets are switched to permit inspection under DAPI fluorescence of the cell nuclei and of the contents of food vacuoles. Among in situ populations of estuarine microprotozoa sampled over a tidal cycle, we found from 2.2 to 5.2% of the heterotrophic cells in a recognizable stage of division (nuclei elongated or double). Batch culture growth experiments were also carried out both with natural populations and with two isolated species of estuarine microprotozoa. In these experiments, the frequency of dividing cells ranged from 1.2 to 3.8% and appeared to be negatively correlated with growth rate. Microprotozoan populations sampled in continental shelf waters off Savannah, Ga., had mean frequencies of dividing cells ranging from 2.0 to 5.0%. A large fraction of cells in heterotrophic microprotozoan populations (an average of 27.4 ± 1.0% in estuarine water and of 30.1 ± 4.8% in shelf water) had DAPI-stained inclusions, presumably recently ingested bacteria, in their food vacuoles.
There is growing interest in the distribution and ecological roles of heterotrophic microprotozoa (2-to 20-p.m diameter) in natural waters (3, 9, 20, (24) (25) (26) ; J. M. Sieburth, in J. E. Hobbie and P. J. L. Williams, ed., Heterotrophic Activity in the Sea, in press). These tiniest members of the zooplankton are thought to be the dominant consumers of aquatic bacteria (9, 12, 16, 24; Sieburth, in press) and could be an important trophic link between bacteria and other components of aquatic food webs (15, 20) . However, because of their small size and fragility, heterotrophic microprotozoa have as yet been little studied in situ.
Recent advances in epifluorescence microscopic techniques (2, 6, 11, 23) now permit accurate enumeration of natural microprotozoan populations. Here we describe an epifluorescence method which allows the determination not only of numbers and biovolumes as described previously (23) , but also of the frequency of dividing cells (FDC) (23) . A 1-to 30-ml subsample was first treated with the DNA-specific strain DAPI (4',6-diamidino-2-phenylindole) by a procedure modified from that of Porter and Feig (21) . Briefly, a solution of DAPI (0.1 ,ug ml-) was freshly made up in distilled water from a stock solution at 1 mg ml-' stored at -5°C. We added 0.2 ml of the diluted DAPI solution ml -' of sample and let the mixture incubate in the dark for 7 min. The sample was then filtered onto a 0. (5, 22, 27 (3, 10, 19, 21) , and for the most part, they were within obvious food vacuoles in the cell Field sampling. Subsurface estuarine water was collected in the mouth of the Duplin River, a tidal embayment adjacent to Sapelo Island, Ga., every 2 h over a 12-h tidal cycle in January 1983. Triplicate 5-ml subsamples of each Formalin-preserved sample were processed via the double staining procedure and were analyzed for abundance of heterotrophic microprotozoa, FDC, and percentage of the assemblage containing bacteria.
Water was also collected at depths of 3 to 60 m at five stations on the continental shelf along a transect perpendicular to Savannah. Ga.. in March 1983. Subsamples (10 to 30 ml) of each 100-mi preserved shelf water sample were processed and examined as for the estuarine water samples. At least 200 microscope fields and 100 heterotrophic microprotozoan cells were inspected for each sample of estuarine or shelf water. The average coefficient of variation of the means of duplicate 100-field counts was 9.9% for abundance, 38% for FDC, and 17.4% for cells containing bacteria.
Laboratory growth experiments. A sample of subsurface estuarine water was collected in the lower Duplin River in December 1982 and was screened through 20- rim-mesh Nitex netting to remove larger zooplankton.
The screened water was divided into four 500-mi samples in 1-liter glass bottles. To two bottles we added 1 mg of nutrient broth liter' to enhance bacterial growth; the other two bottles served as no-addition controls. One of each pair of bottles was incubated at either 14 or 24°C; all bottles were kept in the dark. RESULTS AND DISCUSSION FDC. An FDC method based on acridine orange direct counting with epifluorescence microscopy has previously been used to estimate the in situ growth of aquatic bacteria (13, 14, 18, 19) . In situ growth rates of phytoplankton have also been calculated by using light microscopy to determine the fraction of cells undergoing division (17, 27, 30 Fig. 3 ). The average (± 1 standard error) FDC was 3.1 ± 0.4% for estuarine populations over a tidal cycle and 3.5 ± 0.6% for shelf microprotozoa from 24.6 to 123 km offshore. In the estuary, we found that the FDC decreased from low to high tide, although the abundance of heterotrophic microprotozoa did not change (Fig. 3) . On the shelf, heterotrophic microprotozoa decreased in abundance with distance from the coast, but higher FDCs were obtained for populations at both ends of the transect (Table 1 (13, 14, 18, 19) and phytoplankton (27, 30 Fig. 4 . Over a range of growth rates from 0.036 to 0.225 h-1, the FDC varied between 1.5 and 3.9%. However, there appeared to be a generally negative relationship between p. and FDC (Fig. 4) . This result is at variance with both the theoretical expectation and with most empirically determined relationships between p. and FDC for bacteria and algae.
A nonpositive relationship between p. and FDC could result from variations in td, the duration of mitosis. McDuff and Chisholm (17) addressed the problem of nonconstant td when FDC (or, in their terminology, the mitotic index) is used as a measure of phytoplankton growth. They concluded that if "td is highly variable with growth conditions, or if it is solely a function of p., the technique has limited applicability other than to put bounds on the growth rates of in situ populations."
We calculated td for our growth experiments with the equation presented above from McDuff and Chisholm (17) , using the values of p. and f previously determined for each of the microprotozoan growth curves. The calculated td values varied considerably, from 3.3 to 52 min, the smaller td values being associated with the faster Percentage of cells containing bacteria. The double-stain epifluorescence method enabled us to visualize DNA-rich, bacterium-sized particles in the cytoplasm of heterotrophic microprotozoa (Fig. 2) . These particles were generally located within obvious food vacuoles, which were identified with FITC fluorescence as clear or less densely stained areas of the microprotozoan cell. In some cases, a spherical food vacuole engorged with bacteria superficially resembled the cell nucleus; however, on closer inspection the two could be differentiated by the grainier texture of the food vacuole (see Fig. 2D ).
Fenchel (8) commented that dead bacteria could be recognized in food vacuoles of protozoa stained with acridine orange. At times, we saw what appeared to be bacteria in microprotozoan cells with FITC fluorescence. Such inclusions were frequently, but not always, also stained with DAPI. It is possible that bacterial DNA is rapidly denatured, or that binding of DAPI to bacterial DNA is inhibited, during digestion within food vacuoles. We counted only bacterium-sized, DAPI-stained particles which were clearly contained within the cytoplasm of the heterotrophic cells, and we assumed these inclusions to be evidence for recent ingestion of bacteria. We suggest that this method for determining the percentage of microprotozoan cells containing bacteria in a given population can be used as an index of bacteriovory. As such, the method may provide information regarding the proportion of the heterotrophic microprotozoan population which is bacteriovorous; the specific component of the population which is consuming bacteria, e.g., a certain size range or species assemblage; and, combined with experimental 
